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SECTION II.-GENERAL METEOROLOGY. 
c j  5 -* l! f/ :,, 'c . 

PRESENT STATUS O F  OUR KNOWIZDGE O F  THE 
CAUSES O F  THE DIURNAL CHANGES IN TEXPERA- 
TURE, PRESSURE, AND WIND. 

(Communicated to the International Meteorological Congressst Chicago, August, lSW.)? 

By Prof. Dr. J. M. PERNTER. 
[Dated Univdty, Innebruck, Austria-Hungary, Map 5,lSW.l 

[At the time of this paper the author, born March 15, 1848, at Neu- 
markt. Tyrol, was extraordinary professor, but in October, 1893. he 
waa appointed r p  professor of cosmical phyaica at. the Univer- 
sity of Innsbruc He remained there, gwing brilhant aervice. 
until Ocbbm 1. 1897, when he was appointed professor of terrestrial 
hysics at the Univemity of Vienna and director of the Imperial 

8 e n t d  Institute for Meteorology and Terrestrial Magnetism. This 
institute he greatly enlarged both in size and scope of service, and his 
exeztions there contributed to the cause8 of his relative1 early death 
at Arc0 in southern Tyrol December 20, 1908.-c. A. jr.7 
The regular daily oscillations that we are accustomed 

to s eak of as periodical are at  present known so accu- 
r a J y  in reference to the facts themselves that with reat 
confidence we can say that further investigation wif  not 
reveal to us anything of im ortance that is new. Espe- 

most diverse altitudes above sea level, been presented in 
such detail that even in the minutise of the diurnal rate 
there can scarcely be anything more discovered. This is 
certainly less true of the winds, but even as to this element 
important recent discoveries leave nothing more to be ex- 
pected. It is not now my problem to collect the facts 
relative to the rate, the diurnal periodic oscillation of tem- 

rature of pressure and of the wind; but rather it is my Et to present the present condition of the theoretical 
exp 9 anations of these phenomena. Therefore I assume 
that in general we already b o w  both the general course 
and the details of the diurnal variation of the elements 
under consideration. 

Y cially has the eriodic diurna P variation of tem erature and 
pressure for a fi regions of the globe in alllatituc es and in the 

I. EXPLANAnON OF THE DAILY TEMPERATURE MARCH 

Under the word temperature in general we in meteor- 
understand the temperature of the air, and under 

mean the temperature of a stratum of air at  about 1 
meter above the earth's surface. 

st expression, if not otherwise expressly stated, we 

I Thepubllcationofthhrnemou has beendelayed fortheressonsglvenintheYo~Ta~Y 
WEATHkp REVIEW, Februarg, 1914,M :93, 

curve of temperature is represented b a sine curve or 

and from the end of the evening twilight to the b e p i n g  
of the mornin twili ht  it is e pa l  to zero. Durmg the 

effective, and this part of the curve of daily temperature 
march will be, in accordance with the law of terrestrial 
radiation, an exponential or logarithmic line. The ap- 
pearance of the curve allows us to easily recognize these 
two branches. from sunrise to sunset the first branch 
resents cleariy the wavelike elevation of a sine curve; 

gom sunset to sunrise the second branch of the curve 
steadil descends in the well-marked form of an expo- 

time of sunrise. There are, therefore, two causes that 
determine the diurnal march of tem erature, viz, the 

ward from the sun. So long as the radiation from the sun 
is effective during the day, it alone determines the form 
of the curve of tern erature, inasmuch as it far over- 

ent, whereas the latter is the only cause determining the 
form of the curve during the nighttime. 

We t,herefore know the physical causes of the periodic 
diurnal changes of temperature and are thus justified in 
sa ing that we are able to explain this henomens. 

edge also puts 11s in a position to give a mathematical 
expression which enables us to compute adequate1 the 

as the analytical equivalent of the diurnal curve. 
In this respect we must at  once confess that we are not 

But a dif- 

separately, since we are able to give a mathematical 
expression for the ni ht  branch that satisfies the demands 
of a physical formu f a, that is to say one in which well- 
defined physical quantities are utilized. 

Lambert (1) was the first who subjected the two 
Ilranches of the temperature curve to separate treatments. 
For the night branch he roposed an expression that 

we eniploy to-day. A physical deduction of this expres- 
sion was first attempted by Weilenmmn (2); but he 
made untenahle assum tions in that he referred the whole 

surface hy radiation toward the atmosphere and further 
assumed that the cooling of the lowest stratum of air 
was only due to the iving of its heat down to the cooled 

ductivity of the air did not! come into consideration and 
that the air itself cools directly b reason of its own 

nocturnal temperature march and comes to the same 
expression that, Weilenmann attained notwithstanding 
his falae assumptions, via 

T=T,+& 

wave. After sunset the influence of t I e sun disappears 

nocturnal pat % %  of t e sun [terrestrial] radiation only is 

nentia 3 curve attaining the lowest point at  about the 

radiation outward from the earth and t E e radiation earth- 

powers the radiation P rom the earth which is always pres- 

&ut there is now a further questionw f ether this knowl- 

phenomenon and one that can in every case be intro K uced 

a mathematical expression that 
the whole curve, both the day branch and 

by means of one formula. 
be given if we treat the two branches 

represented the esponentia r and is of the same form as 

nocturnal cooling of t i? e air to the cooling of the earth's 

earth. Maurer (3) 5l t en showed that! the thermal con- 

radiation. On this haeis he deduce B the formula for the 
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In this equation z represents tbe time and b is equivalent 

to e pc. Thus Maurer gave for b an expression that was 
physic‘dy intelli ible in which u represents the coefficient 

speciiic heat. 
Weilenmann had found that b is a convtant for all places 

and all times. But, Maurer objected to this. He macle 
u refer to the unit of volume and therefore according to 
his formula b niust var with the density. On the other 

tion is independent of the density and must therefore 
refer to the unit of mass, viz, that the expression used 
by Maurer represents the constant coefficient of radia- 
tion of the am. Hence, b must he a constant for all 
places and all times unless perhaps the coefFicient of 
radiation of the air depends upon the tem erature. But 

able. On the average 

r - 

of radiation of t B e air, p the density of the air, and c its 

hand Trabert (4) has s E own that the coefficient of radia- 

P 

Trmert has shown that the latter case is L ‘ghly improh- 

log b =  -0.066. 

If now we represent the coefficient of radiation of the air 

for a unit mass, or one grarnnie, by u then from b =-e-; 

we obtain for u the following value: 

8 

u = - 0.547 log b 
= 0.036 calories per hour. 

On the other hand with regard to To, which should repre- 
sent the temperature of that ideal envelope which we 
conceive to replace the radiation from all surrounding 
bodies, Trabert finds from the average of 43 stations dis- 
tributed over the whole earth that it depends on the 
average temperature, as follows: 

to= -3.4’+1.003t, 

where and & express the values of To and T,,, in 
centigrade degrees. 

We have thus obtained for the nocturnal branch of the 
diurnal temperature curve, a mathematical expression 
derived from physical causes and in which we under- 
stand the ph ical quantities that occur therein. The 
formula T=E+OP,  in which z re resents the time 
expressed in hours after sunset, just’ l2 es us in the belief 
that we can completely esplain the nocturnal branch of 
the temperature curve. 

Unfortunately we do not succeed so well in our attempt 
to ex lain the daylight branch of the curve of diurnal 
periofic tem erature variation. In order to find a 

ble we must start with the solar radiation as the cause of 
this branch of the curve. The intensity of the solar 
radiation after its assage through the atmosphere and 

mathematica P expression that shall he physically intelligi- 

for the solar altitu K e h is espressed hy 

I = Ape sin h 
and this is the quantity of heat that falls upon the hori- 
zontal ground. Now all thermal influences during the 
da time in so far as they all depend upon the solar 
ra2ation are proportional to this quantity. Among 
these ma be enumerated : 

(1) $he warming of the air by its absorption of 
direct soh~~rays. 

@) The warming by alJsorption of the rays reflect.ed 
from the earth. 

(3) The warmiiig by absorption of solar rays scat- 
tered in and tllrough the atmospliere. 

(4) The convect.ion of heat from the ground warmed 
by the solar rays. 

Further we llaw to rccall tho negative influences- 
(5) Tile cooling by radiation outward wliich again 

is proportional to the temperature of the air. 
(6) The cooling by the evaporation of water, which 

latter again is proportional to the warming by the sun. 
Tho in tro:luction of all these factors into the analytical 

espression for tlie clayt,ime tem erature march is im- 
practicable for many reasons. P T~II the cot?fficient of 
transmission, p, is variable in a manner too little uac1c.r- 
stood by us to enable us to introduce it correct1 ; ax1 
the other enumerated factors are undcrstoocl 9 ar too 
little to c iable us to espress them in matliematicd sym- 
bols. In consideration of these difficulties to the pre- 
sentation of a physically int,elligible niatlienia tical es- 
pression for the daylight branch of t,lie diurnal tempera- 
ture march, Lambert (5) said long since: “We shall 
accomplish nzucli if, without too notable error, it can bc 
assumed that the lieat which the eart,li actually receives 
from the sun is at least proportional to that which thc 
earth could receive if there were no obstacles.” To be 
sure, we know to-day that the latter is the case, but neither 
this nor the great pro ess of our knowledge makes t,lie 
re resentation of the CF esired forniula any easier. 

‘he can tlierefore pass over the attempts tliat liaw 
been made h this direction by Lambert himself (6), by 
Lamont (7), and by Weileamanu (8). However, with 
reference to the attempt made by Weilenmann it may 
be said that i t  appears interesting brcause his final for- 
mula en:lcayors to present in one espression the wholo 
curve, with its day branch and its night branch. All 
these formulas, however, give no deep insight into the 
processes by which Kature de termines the periodic 
temperature change, such as it is desired to obtain from 
a mathema tical expression deduced from tho physical 
causes of the phenornrnon. Inducd wu fear that t,litst? 
formulas do not contribute to the csplnnntion and :lkr 
intelligibility of the temperature curve any more thJ l  
would an ordinary series such as, in the absence of any 
physical laws, we ordinarily use for presenting any given 
phenomeii a. 

In  fact, Angot (9), leaving aside every thcoretical 
formula, has applied Besael’s Series for the presenta- 
tion of the diurnal rate of temperature during the 
daylight hours. Since the form of the claylight branch 
of the temperature curve suggests a sine wawe, and 
since the formula for the intensity of tlie rays I= 
Apesinh niakes it clear that we have to deal with P 
phenomenon that is approsimately proportional to t l~v 
sine of the altitude of tlie sun. Therefore among all tdlo 
series that we could use for tlie empirical presentat.ion 
of this daylight branch, evidently the sine series is tho 
most appropriate. If the time of the maximum air 
temperature coincided with thc maximum altitude of 
tlie sun, then certain1 an empirical formula in ternis of 
the sine of the simple % our-angle of the sun would abun- 
dantly suffice to reprosent the phenomenon. But since 
the dependence of the curve on the altitude of the sun is 
ilot so sim le as all this, therefore we must apply many 

the hour angle. Angot found, however, that in order to 
present the daytime formula only, it was sficient to 

terms of t % e sine series, such as twice, t>liree tunes, etc., 
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utilize only terms with twice the hour angle, and with 
this we obtain a vory approximate presentation of the 
da time branch of the tem erature curve. 

explanation of the daytime branch of the temperature 
curve we are not so fortunate as we have been with the 
nocturnal branch. 

In  many cases, especially when it is desired to intro- 
duce the tem erature rates into a computaiion, it is 
necessary to lave a formula that brings the curve of 
temperature for the whole day of 24 hours into one es- 
pression. I t  is evident that we have much less hope of 
presenting a theoretical ex ression baed on the recog- 
nized physical causes for t P le whole day, than we have 
for the claylight branch alone. Weilenmann’s above- 
mentioned attempt to do this must certainly be regarded 
as unsuccessful and a second attempt has ncver-been 
made. Therefore, rn order to meet tlie above-mentioned 
need, we must again take refuge in a series, and a series 
employing the fewest terms possible for an accurate pre- 
sentat,ion of the phenomenon. Thus we are again 
thrown #back upon the sine series. The complete sine 
wave consists of a crest and a trough, hence there is a 
maximum and a minimum. Now in the regular sim le 

distant from the zero value that lies between them, 
but by superpositions of waves having +wave-length, 
)-wavelength, etc., of the original simple wave-length, 
and further by having different initial times one may 
so shift the maximum and minimum t-ts to reproduce 
those actually presented by the diurnal curve of tem- 
perature. If, therefore, one employs a sufficient number 
of the terms of the Bessel Series to represent the curve 
of the daily temperature march it wdl be possiblo to 
represent the phenomenon exactly. Wild (10) has shown 
that usually one must go even hirther than four times 
the angle to secure sufficient accurac . In  many cases, 

of temperature is to be introduced in computations, it 
suffices to take such a number of terms of the Eessel 
series as will reproduce the general form of the tempera- 
ture curve. Usually one stops with the terni depending 
upon the 2-fold angle, but I can not refrain from saying 
that to me this always seems to be too small a number 
of terms for the proper presentation of the complete 
diurnal curve. If we do not introduce the 3-fold angle, 
the form of the curve given by the formula de arts too 

this departure need not be of much importance. 
But no matter how many terms of the Bessel formula we 

introduce, whether we stop at the 2-, 3-, or 4-fold angle, 
one should never forget that in nature the daily curve of 
temperature is not attuined by a superposition of these 
d@mmt waves, the latter are only a mathematical sub- 
stitute in order to attain by computation to the same curve 
that Nature has produced in an entirely different manner. 
We know with certainty how this peculiar curve is pro- 
duced in nature: During the daytime the sun, or Nature, 
produces a simple sine curve, but only the u per half of 

duces the continuation of the curve and draws a loga- 
rithmic line. Only the maximum, therefore, belongs. to 
a wave of the sinecurve type, the minimum has not mg 
whatever to do with such a wave. If, however, we deter- 
mine to construct the whole curve out of sine-waves the 
latter is only a mathematical device and we should never 
forget that it is so. 

&e must thus recognize t !ill at in regard to the complete 

sine wave, the maximum and the minimum are equa P ly 

and especially where the expression P or the daily march 

much from the actual curve. In most cases, 1 owever, 

the wave; during the nighttime, however, ra : iation pro- 

F be- cause this seems to me to be t Yl e correct physica concep- 
I have thought that this ex osition should be 

tion of a question that is, moreover, worthy of a funda- 
mental discussion. I will now summarize the present 
condition of our knowledge of the explanation of the di- 
urnal periodic variation m temperature in the following 
paragri hs: 

- 

(1) $e know that the curve of this variation consists 
of two entirely distinct parts, the claylight and the no+ 
turnal branch. 

these branches their peculiar form. 
is due to the radiation from the sun, the 
depending on the sine of the sun’s 

(2) We know the physical causes that 
The 

turnal branch owes its form to the.cooling by radiation 
from the earth. Therefore the former is the crest of a 
sine2curve and the latter is the steady fall of a logarithmic 
line. 

(3) We are enabled to re resent the nocturnal branch 

siderations on the basis of well-known physical causa. 
(4) We are not also in a position to deduce such a 

formula for the daylight branch and must therefore seek 
to represent it for coniputational purposes b means of the 

on1 the 2-fold angle. 

by a mathematical formula s educed from theoretical con- 

sine curve, i. e., b Bessel’s series, of whic E Angot finds 
that, even for the c9 aylight branch, it is sufficient to include 

theoretical formula to re resent the whole B iurnal curve. 
We can, however, in t t e absence of such a formula 

g) Still less do we possess a physicall established 

(which would give one masimum and one minimum only) 
again take refuge in Bessel’s series, but now in order to 
attain an accurate representation of the true curve, we 
must utilize a development to a t  least the $-fold angle. 

11. EXPLANATION OF THE DIURNAL RATE OF PRESSURE. 

As the tem erature curve of the diurnal change is 
characterized -y one maximum and one minimum, so 
the most promment character of the diurnal curve of 
pressure is the twofold niasiiiiuni and the twofold mini- 

at are the physical causes of the diurnal 
we are not yet in position to give any 

In  comparison with the answer answer. 
that we can give relative to the diurnol curve of tem- 
perature, we can say very little as to the daily ressure 

laws in accordance with which we should devise a theoret- 

march. In  this case we know not the hysica Y causes 
that determine this march, and still less if o we know the 

of thisproblem. Therefore in order to present the present 
condition of our knowledge on the subject, I must at least 
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With one single exception, all assume as the basis of 
the diurnal curve of arc pressure, the diurnal changes 
in temperature. Ramond (13) has applied this latter 
phenomenon in the simplest nianner to the esplanation 
of the diurnal variation of pressure. He assumes that 
the heating of the atmosphere by the sun, makes itself 
felt for the meridians that lie between 9 a. m. and 3 p. ni. 
Over this whole region the atmosphere ex ands and 

minimum of the afternoon and the two maxima, morn- 
ing and evening, are ex lained. In order to explain 

an increase of temperature about midnight. 
Espy (14), in order to explain the principal maximum 

of 10 a. m., introduced a new cause, viz, the tension 
im arted to the lower stratum of warmed air, since 
a1 tg ough warmed it can not immediate1 expand. With 
reference to the nocturnal minimum, d p y  k still more 
unfortunate than Ramond. Kreil (15) retained Espy's 
idea and added a further active cause in the shape of 
ascending and descending currents of air to e lain our 

mg to Es y,. the afternoon minimum according to Ra- 
mond anzwith the help of the ascending currents, while 
the evenin maximum was cited as a consequence of 

turnal minimum was interesting. The lower strata, 
compressed in consequence of the descending current, 
must expand on the cessation of this current, and thus 
a ain there arises an ascending but very weak current 

The Es y theory of tension was opposed by Lamont 
(16), but banford (17) and Angot (18) later defended it. 

Rykatchev (19) gave a very 
He made the diurnal variation of the 
u on the regular diurnal changes 

of the atmospheric pressure proportional to the differ- 
ence of the velocity of the transportation of the air per 
unit of longitude, and then by the summation of the 
effect of the upper and the lower currents of air he comes 
to his explanation of the diurnal variation of pressure. 
Where the velocity of the wind increases as it advances, 
it evidently leaves thinner air behind it; where with 
increase of progress it diminishes its velocity it produces 
a damming u or accumulation and increases the density 
of the air. ' h e  summation of these effects of the up er 

forced. Rykatchev describea the process, as he under- 
stands it, quite fully and explains m detail how accord- 
ing to his views the two maxima and two minima must 
be developed. 

Liais (20) also brings in a new idea to explain our 
phenomenon. He points out the fact that the arc ascend- 
mg in the locality where it is most strongly heated, 
must remain behind toward the west in consequence of 
the inertia of its ascent, and thus contributes to the 
formation of the forenoon maximum. On the other 
hand, in the late-afternoon and early hours of evening, 
the descending am must flow forward toward the east, 

overflows toward the west and the east, w E ereby the 

the nocturnal minimum, 2i amond assumes that there is 

phenomenon. The first maximum he explaine 3 accord- 

the descen % ing current. His explanation of the noc- 

t % at leads to the nocturnal minmum. 

de lower air currents. He put the 

and the lower currents of air is complicated and ra ti: er 

and thus exert a pressure that contributes to the forma- 
tion of the evening maximum. In other res eck Liais 
must be considered as the predecessor of 8 ykatchev, 
since with the help of the just mentioned item he at- 
tempted to explain the diurnal march of ressure by 

If we now add the remark that since the time of Dove 
the diurnal increase and decrease of vapor pressure also 
has usually been adduced in esplanation of the increase 
and diminution of atniospheric pressure, we may say 
that we have spoken of all the physical causes that have 
been used to explain the diurnal change of pressure. 
Only one quite isolated attempted esplanation still 
remains to be mentioned. 

Peltier (21) believed that the electric condition in- 
fluenced the pressure of the air. The earth is negatively 
electriiied; the vapors that rise from the earth are also 
negatively charged. At the time of the most rapid 
evaporation the electric re ulsion is also the greatest; 

altitudes they become positive toward the earth, and 
there results an attraction; the barometer rises.' If in 
consequence of cooling, a condensation of vapor occurs 
in the lower stratum then the barometer falls; if the 
cooling proceed further and eventually the upper strata 
sink lower, then the barometer must a ain rise. 

little has been done to discover the physical causes of 
the diurnal change of pressure; hi fact, there is not a 
single cause a t  work in the atmosphere or acting upon it 
that has not been seized upon. We have taken these 
causes individually, combined and accumulative, and 
must confess that in fact there has been no want of 
effort to attain the object desired; and still all these 
efforts at  explanation remain unsatisfactory. There is 
not a single one of them of which the maj1Irit-y of meteor- 
ologists would say that it suffices; not one of these solu- 
tions is of such a kind that it gives us coi~dence that the 
correct solution has been found or indeed that the true 
cause of the phenomenon even as to its principal cause 
has been found. We have only found that tlie tempera- 
ture is one of the principal fact.ors. ' We find only that 
most of the adduced causes may contribute many details 
to the actual form of the diurnal curve of pressure; the 
fundaniental cause, properly so called, we must state has 
not yet been recognized. If the recognition of the 
fundamental causes of the diurnal chan e in pressure 
seems so unsatisfactory, on the other han d , in reference 
to a theoretical formula deduced mathenirttically from 
the physical causes to re resent this diurnal curve of 
pressure, no attempt has E een made. Those who have 

resented the above attempted explanations are satis- 
Red to describe verbally the influence of t h i r  assumed 
causes without computing, even ap roximately, the 
ma nitude of the effeck to be expected! 

&der such mcuwtances oiic need not be surpriwd 
that it was prehrred to give first a niore accurate and 
analytical description of the diurnal curve of pressure 
for the whole lobe, in order thereby when possible to 
secure a better mis for a mathematico-ph ical the0 of 
the phenomena as Hami (22) has espress y stated. T h e  
process to be chosen is given by the curve of diurnal pres- 
sure. In the most re ular form of this curve aa it occurs 
in the Tropics and a %3 o in the annual averages for the 
temperate zones, having two maxima 13 hours a art and 

reason of the horizontal air currents due to t f e warming. 

the barometer falls. But w ?I en the vapors attain higher 

According to all this, we can certain P y not say that too 

9" % 

two minima also 12 hours apart, it points so c P early to 
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the double sine curve that we are involuntarily led to its 
mathematical presentation by means of the Bessellian 
sine series. 

It IS to be e ected,.considering the nature of the curve, 
that the term ependmg on the 2-fold angle must be the 
most important and that the whole phenomenon wiU find 
its basis therein, whereas disturbing influences will, be 
shown by the other terms. 

Lamont (23) ha.s alread adopted this method of 
mathematical description. & course, some had already 
used this method of presentation of the diurnal pressure 
curve by means of the Bessel series. La.mont, however, 
limits himself to the terms of the single and %fold an le 

waves are of remarkable ma itude and depend on1 on 

double waves is the same over the whole earth and agrees 
with the times of mnximum and minimum and coincides 
with the times of maxima and minima as read directly 
from the diurnal curve of ressure. On the other hand 

variable. The term with the 2-fold ang e shorn itself 
independcn t of temperature, cloudiness, rainfall, and 
othcr local influences all of which occur plainly in the 
.first term. Hence he calls the double wave the “atmos- 
pheric flood and ebb,” but, of course,. excludes from this 
conception all influences of ravitation. Still he could 

independence of terrestiial processes of t s double wavc 
except that it is ascribed to n cosmic force which he pre- 
liminarily would call an “electric” force. In his studies 
of this subject Lamont had only a very limited number of 
stations at his dis osal. 

respect, for in their invest’eations they have taken into 
consideration many mor0 t an a hundred stations dis- 
tributed over the whole earth. They completdy con- 
firm Lamont’s results and even give them greater pre- 
cision. H a m  represents the ampLitude of the double 
wave, in its dependence on the latitude, by the following 
equation : 

with regard to which he remarks that SI’ ht  irrqplanties 

such small irregularities in the double wave. Angot has 
sought to eliminate these irregularities under the convic- 
tion that the term depending on the 2-fold angle does not 
de end on any terrtstrial accident. He holds that the 

ing on the simple angle is, strictly s p e a h p ,  expressible 
only by a selks of several tc.ims (as is cer tady not to be 
doubted); therefore the term depending on the %fold 
angle is a complex one that consists of a double wave of 
pressure indcpendent of tcmperature with superposed 
terms depend1 0 on the 2-fold angle 01 the temperature. 
He separates ”s t two numerically and retains the 
purely constant term of the do-uble wave of pressure. Of 
course this can not be done mthout being arbitrary to a 
certain extent. Following La Place’s presentatton of 
an ebb and flow, he expresses the amplitude of this rin- 
cipal wave of pressure (onde semidiurne principale7 by 
the formula: 

. and is only able to show that the amplitudes of the 2-fo 4 d 

the geographic latitude, as a f? o that the epochs of t 3; ese 

he shows that the term wit R the simple an le is the more K 

find no other e-qlanation of t % e great r y l a r i t y  and the 

Hann (24) an C F  Angot (25) have helped us in this 

4’ -0.222+ 1.184 COB’# 

are still to be seen therein. Lamont also % ad pointed out 

in B uence of t.emperature as expyessed in the term depend- 

A cos9 
P %‘E- 

where b is the declination of the sun, r is the radius of the 

earth’s orbit. He then determines A, the amplitude, 
from the observations and h d s  the expression: 

b 
760 A = 0.926-~0~~$ 

;;yg is the latitude and b is the average pressure of the 
ression for the e thus arrives at the following e 

‘f somidiurnal principal wave” of ntmosp T eric pressure: 
b cos28 y = 0.926 --. -. COS4$(2Z+640). 

r60 rZ 

This latter would therefore be the expression for the 
cons tnnt tloulde wave of pressure resulting from a 
“ cosmic cause.” 

We niust recognize that b these investigations of Hann 

extent. We now know with certainty that the double 
wave of pressure is a constant phenomenon, so constant 
that we think only a cosmic cause can offer a satisfactory 
explanation t,hereof. The causes t h t  can enter as dis- 
turbances occur in the remaining terms of the sine series. 
Rievertheless we must recognize the fact that a ph sical 
explanation of the phenomenon has not yet been 9 ound. 
In order that it may be found it will be necessary on the 
one hand that, we state the “cosmic cause” in order that 
when possible we may deduce from it. a mathematical ex- 
prcssion that sliall riyxescnt the phenomena. Equally do 
we now know that teniperature, cloudiness, rainfall, md 
local influences do have disturbing influences on the course 
of the principal wave, but we have aa yet no expression 
deducetl from their hysicd pro ertibs that formulates 

can not to-day speak of a physical explanation of the 
daily range of ten1 eraturcr. 

Quite receiitly ~18901 Margules (26) made the only 
attempt known to me relative to such an explanation. 
He d e d o p s  mathematically the idea of Sir William 
Tliomson (27), now known as Lord Kelvin. Sir William 
says: 

and An ot our knowledge o s the phenomenon of the vari- 
ation o f pressure has been advanced to an extraordinary 

the effect of these cisturbing Ip in H) uences. Therefore we 

The ex lanation robably is to be found by considering the milla- 
tiom of $e atmoapiere, aa a whole, in the h ht of the very formulaa 
which Laplace gave in his Mbcanique Celeste for the ocean, and which 
he ahowed to be also ap licable to the atmosphere. When thermal 
influence is substituted ifr gravitational, in the tide-generating force 
reckoned for, and when the modes of willation correaponding respec- 
tively to the diurnal and semidiurnal terms of the thermal influence 
are investigated. it will probabl be found that the period of free mil- 
lation of the former agrees muchfeas near1 with 24 hours than doea that 
of the latter with 12 hours; and tliat tierefore, with comparatively 
amall magnihdes of the tide-generatins force, the resulting tide is 
greater in the semidiurnal term than in t e diurnal. 

Margules carried oub the computation md found Thom- 
son’s predict,ioii justified. Thls temperature-wave pro- 
gressing from meridian to meridian successipely m a 
rotat,in spherical shell which is considered sirmlar to the 
atmosp % ere, has a whole-day period of the form 

r= C sin0 sin(&+A),  

where r is the tem erature, w the polar distance, 1 the 
ge.ographic longitu CQ e, n the rate of rotation of the earth, 
t the time. It produces for the temperature T0=2730 a 
pressure-wave having the form 

E = Csin (&+A) r1.146 sin o - 0.423 sin*w - 0.370 sinso- ...I 
I As the of inal English sea3118 have through a seriea of translat!ws the 

the or insl w e  of ~ e l v i n  an page 100 ot thr e literty of reprht E2zg$L Royal &iety o3dhnb&, Val. XI. 
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On the other hand, temperature-waves having a +day 
period and the shape corresponding to the equation 

5 = C sina, sin@& + 21) 

produce pressure-waves having the form corresponding to 
the equation 

e = - C sin (2nt + 21)[37.09 sin4 w + 23.06 sine w + 
5.75 siii* w+ ...I 

The factor sin4w jumps from -a over to +a when the 
temperature is near To = 268’. On the other band, if the 
tem erature of the atmospiieric sphcrical shell is nearly 

able to produce large ressuremaves in air that is devoid 
of friction. We shou P il thus have a physical explanation 
of the diurnal change of atmosplienc pressure t!iat we 
can restate as follows: The phgsical cause of the diurnal 
change of atmospheric pressure IS 50 be found in the diur- 
nal change in temperature ; the principal pressure-wave 
is the semidiurnal, and is produced by the semidiurnal 
wave of temperature. Although this last is small, yet it 

roduces a considerable somidiurnal wave of prczssure 
gecause for an average temperature of about 268’A. tlie 
atmosphere has very nearly the peripd of the forced 
vibration that close1 approximates I& free vibration 

ture. On the basis of this knowlerlge it wc.ul,l then 
become possiblo t u  c i ) ~  tmct the cDrrect mathematical 
(1s mssion for t,lir ciiiuiial curve of pressure. 

b u t  man doubts attach to this explanation. Mar- 

Ita application to the diurnal barometric variation L clear in one 
respect only; the semidiurnal wave of pressure can also be considered 
as the consequence of a semidiurnal temperature-wave of small am- 
plitude. This theorv explains t.he relative magnitude, but not the uni- 
formity of the Remidiurnal wave of ressure nbove the land and the 
ocean. * * * The neglect, of t%e frict.ion and of the vertical 
inot.ion of the air in our last. coniput.:ition. tkc nss7cmption qf a urriforni 
average t enipmture  ifi the iohole nias of air and the assumption of the 
equality of the oscillation throughout any given latitude, allows us to 
make only a vague application of this prinicple. 

h i d  thus we come back to the original point of view 
that Margules expresses in his introduction: “If we con- 
sider this semidiurnal wave of pressure as a conseguence 
of the changes of temparaturc, still the connection is very 
obscure.” 

I can not resist expressing the most obscure feature of 
this matter, viz, that the very esistence of a semidiurnal 
wave of temperature is not proven or even made proba- 
ble. I need not repeat what I have said a t  the conclusion 
of the chapter on the variation of teni erature and the 
inhrpretatron of Bessel’s sine series. P need only eni- 
phasize the fact that we have no right. to attribute to the 
one-half daily wave of tem eraturt? a reality that does,not 

order to arrive by pure mathematics at tho construction 
of a curve that nature arrives at in another way well 
known to us b means of the temperature. And yet only 

actual maxima and minima can be t e physical cause oE 
the a0 tually existing double daily wave of pressurc. 

Must we, therefore, give up the temperature wave as a 
cause of the double diurnal pressure wave and again re- 
turn to an at lsast equally obscure “cosmical cause” as 
its origin ? 

On this point I allow myself to sketch some thoughts 
which ap ear to me to be worth a closer examination, 

268 C Y  A., then slight semicliurnd temperature-waves are 

and this is not true o 9 the 24-hour oscillation of teniprra- 

gules hirnsa I f says : 

belong to it, since it is on P y a matliciiiatical auxiliary, in 

an actual dou 73 le daily wave of tern erature having two 
?l 

and that P hope to be able to give thorough and accurate 

attention in some other place. If we consider the earth 
with its atmosphere as a unit, then there is always one 
whole hemis here warmed by solar radiation, and the 

uantity of %eat that the earth receives from the sun is 
$ways the same-excepting for changes of the sun itself 
and the periodic annual changes of the distance of the 
sun from the earth. The illumined hemisphere consid- 
ered as a whole will, therefore, a l w a r  receive a nearly 
constant amount of heat. This is t e basis of the re- 
markable constmc of the amplitude of the semidiurnal 

tion of a “cosmical cause.” e thus have this constant 
cosmic cause before us. How does the semidiurnal wave 
of ressure arise, since the sun comes to each meridian 

tides of the ocoan. The moon also passes through the 
meridian but once a day; but we h o w  that the tide 
arises simultaneously in the meridian and 180” therefrom 
and we know why, and that thus the semidiurnal tide is 
brought about. As to the double wave of atmospheric 
pressure, something similar occurs : On the hemisphere 
that is heated directly the surfaces of e ual pressure in 
tho atmosphere arc elevated-most strong 7 y in the region 
where the warming is the reatest-therefore air flows 

receive radiation from the sun. Hereby a mass of air is 
drawn from the illumined hemisphere and carried over to 
that which is not illumined. Now, tlie consequence of this 
shifting of inasses on the carth would directly produce a 
shift in tho position of tlie center of gravity of the 
whole system, earth-air. According to a well-known law 
in mechanics the center of gravity of a free floating body 
is invariable, a change of position of certain free masses 
on the body produces a compensating change of position 
of other free masses. Under our conditions then, accord-. 
ing to this theorem, masscs must flow awa from the re- 
gion lS0” distant and the accumulation o r masses must 
also be so arran ed that they will attain their maximum 
at lS0” from eac % othor and at 90” from the places whence 
tht? masses flow. Thus tlie change of the center of gravity 
is prevented. Thus we should have two maxima and two 
mluima of pressure that must continually circulate around 
the globe with “cosmic” regularity. 

Most of the causes that have been adduced by different 
meteorologists in e s  lanation of the diurnal change of air 

ing maximum becomes the principal maximum b reaaoii 
of the tension [see above p. 6551 conceived of by d spy and 
by several others down to Angot. Again the honzontal 
motions of the air make their influence felt and possibly 
also the dynamic pressure of the sinking atmosphere dur- 
ing the evening maximum comes into consideration. In 
short, the individual processes above mentioned ma all 
be plausibly considered as modifying causes. But ?will 
not here enter into these details. The idea of a mechani- 
cal explanation for the “ cosmic” regular semidiurnal 
wave of pressure briefly sketched above can easily be 
further extended b anyone. It seems unnecessary to 
multi ly words on t e subject. If I am able to compute 

I will on some other occasion endeavor to give a detailed 
theory of the diurnal changes of pressure based upon the 
above-nientioned foundation. 

This report on the preseut condition of the theory of the 
daily periodic pressure changes must unfortunately be 
rather elaborate because no well-established theory ex- 
ists, but from what has been stated one can really attain 
a complete picture of the condition in question. 

i;p- wave of pressure w K ich has re eatedly led to the assump- 

on f y once every day? I think of this as analogous to the 

toward either side toward t % e hemisphere that does not 

pressure, very roba g ly do bring about various modiha- 
tions. Thus 9 hold it to be fairly certain that the morn- 

the re I; ative magnitudes that result from this cause, then 
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I will summarize my report as follows: 
The diurnal temperature variation is the fundamental 

cause of the diurnal oscillation of the barometer. The 
“cosmic” regularity of the semidiurnal wave of pressure 
has ita ori in in the solar heat which is canstant to the 
whole eart f ; and has its mechmiical cause in the theorem 
of the constancy of the center of gravity of free, floatiii 
bodies. A number of consequences from the diuriia 
march of temperature, such tls the horizontal and vertical 
air currents, evaporation, the tension of .air warmed at 
tlie surfaco of the ground, etc., may modify tho original 
wave of pressure. A physically intelligible theoretical 
inathematical expression based upon the physical causes 
of the diurnal curve of pressure IS still lacking. A sine 
series of Bessel that is used instead of this tleductive 
formula reproduces the heiiomenoii very esrtctly \vlioii 

a good insight into tlie character of the somidiunial mave 
of pressure that we havo recognized as the priuciprrl w:tve 
of pressure. 

f 

we develop it to the 3-fo r d angle and gives 11s sspecizlly 

111. EXPLANATION OF THE DIURNAL CHANGE OF THE WISU. 

In roference to the wind, we have to  consider two elc- 
tiients for the investigation of its diurnal changes---the 
direction of the wind and the velocity of the wind. 

It is necessary to remark a t  the outset that the concli- 
tion of our knowled e of the facts relative to this diurnal 

pressure of the air, and corresponding thereto we lisve :I. 
snialler number of atteni ts to esplain the plionniiiri?:i.. 

ourselves to the es lanatioii of tho phni ionien~~i i  : i 3  N! 

Ono peculiarity ocaurs in the case of the winds tlinf, w(? 
iiiust take cognizance of first. The wind is a niotjoii ( I f  

tho air, and in such motions the resistaiicns to niotioii 
play an important part. In our case the friction of tho 
wind against tlie earth and the obstacles presented by 
its various topographic fonns is the cause of many pccu- 
liarities. We here have to do with a stratum of air nd- 
hering more or less to the suiface of the earth, whicii 
evidently must have its own peculiar conditions. At an 
altitude above the earth that is not espocin.lly higli-at 
any rate less than 300 meters, as shown by the ohserva- 
tions on the EifFel tower-the free movement of the air 
is demonstrably present. 

Since we are primarily concerned with a general prob- 
lem of the atmosphere, we will first consider the unre- 
stricted nioving av, that is to say, the d.iuriial period of 
the direction and velocity of tho wind of the higher free 
strata of air. We will then consider the diurnal period 
of the air in the lowest strata near the earth in all its 
peculiarities and be in a position to underst,and tlieni as 
a result of the phenomena in the up or  strata and tho 

This may seem like a new niethod of treating tiis suh- 
‘ect, and it may be that I shall dopart somewhat t1:erehy 
kom my problem to depict the present state of the ques- 
tion; but we shall find an accurate presentation of the 
matter, although I must also say, by way of introduction, 
that we have little knowledge of the subject. 

change is considera I ly worse than for teniperaturo or 

In order not to be too ver ! ose, me iiiust liere slso rest,rict, 

assume its details to g e well known. 

friction of the lower strata a t  the esrt 7 1’s surface. 

A. DIURNAL CURVE OF THE WIND IN THE UPPER AIR STRATA. 

1. Direction. of the wind.-I have, ns I think. demon- 
strated (28) that undoubted1 “the wind chan es with 

the fact that where the sun stands in the meridian the 
the sun.!’ The explanation o 9 this phenomena f! find in 

column of air is raised to the greatest extent, and there- 
fore in the strata above the isobaric surfaces must also 
be raised so that through the whole column there is a 
barometric gradient from this region of greatest warming 
toward the regions of lesser and least warniin In the 
morning hours the sun stands in the east, whic 8‘ is there- 
fore tho region ofa greatest warming. Thus there arises a 
gradient froin the east and in each case, if other causes 
hare not caused a stronger gradient. in some other airec- 
tion, easterly winds will arise. In the evening this region 
of strongest warming lies to the west of us, and under the 
same conditions we have westerly winds. For the tem- 
perate latitudes aiid about midday, however, a south-to- 
north gradient must develop because the greatest warm- 
ing then takes place in the south, and thus under these 
cmditions south winds must prevail. Therefore, day after 
day tlie wind goes round with tlic siiti, as the observations 
ulso demonstrate. 

2 .  Wind vdo&y.---‘l’he diurnal march of wind velocity 
is ortlinaril comput.td wi!hout rcganl to the direction 
of t.he winl In such cases it. is ccriain that the mini- 
mum must fall somewhere near ilic mic.!ilay hour and bhe 
masimum velocity near ruiilniahl 

But, the question remains w%ctiittr t.his holtls good for 
(>very wind no matter what. its direction. I have inves- 
tigated t,hia question (29) wit.liout coining to any cert nin 
conclusion. It is uite possil+ ihat the diurnal march, 

t,he resultant of the diurnal ninrch of the totslit,y of the 
in;livi!-luaJ wind directions. In fact, I foun:l for thc 
summit st ations Sonn!-.lick, San tis, O h ,  Pikcs Peak, Pic 
I!U Eiilirli, and Puy (le Dame. B rather vsriul-.lr! time. ?f 
occurrence of the masimum in piirticulnr, and the mini- 
mum also, for t.hc 1-liffrrcnt, winll r:irections. According to 
1he aliove given esplanation of t.he tlaily march of wind 
tlircction, a different, cliurnd niitrch is t.o he espectetl for 
mc.h tlifferent direction of the wind, such that. the east, 
wind should hare its niasinium in the nrorniiig hours, 
tho s0ut.h wind at t.he timc of niasimum tern ert-it.ure, 
and t.he west wind in the evening. For it. is c P ear tbat. 
any gradient that produces an east, wind will be increased 
most, decicleclly in t.he morning, whereas during t,hese 
hours a adient t,hat pro0;luces B west wind will be most, 
enfeehlef Similarly, a south wind considered as a con- 
sequence of the general distriWion of pressure, will be 
strongcat af midday; a similar west. wind will be strongest. 
in [,he evening,.each being a consequence of the increase of 
the corresponding gm:licnts for these hours. But this es- 
planation does not completely correspond to any one of all 
the mounttiin stations invcsti aled by me. The Sonn- 

time of beginning of the east, south, and west winds, lmt, 
even t,hen only for the simple wave of the diurnal march 
represented by the Besselian series. On the other hand, 
the nniplitude of tho %fold wave shows such a large 
value-it is indeed much larger for the east wind than 
the value for t.he simple wave-that, this result also ap- 
pears to he less satisfactory. At first, glance t.he diurnal 
march for t.he r!ifferent direct.iona of the wind shows t,hat 
oscept for the s0ut.h wind on the Sonnblick, particularly 
the minimum always occurs near midday. Therefore, 
after the invest.igntion of t,he diurnal march of wind 
ve1oc.it.y for h e  indivii!uitl wind direct ions in general, 
t.here remains a curve such as shows the minimum about 
midday, whereas the masimum occurs sonretinies durjng 
evening, sometimes at. night, somet.imes during the morn- 
ing hours. 

without. regard to B t e diroct.ion of the wind, nia7 be only 

))lick station is the only one t % a l  shows the anticipated 
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Hence I conclude that two causes determine the diurnal 
march of the wind velocity: (1) For the east south, and 
west winds, the above- iven increase of the gradient 

To thls cause also I ascribe the different. hours of the 
occurrence of the maxima. (2) A disturbing cause oc- 
curring uniformly al)out, midday for dl wmds. This 
lat,t.er disturbing cause I believe to be t’he frict,ion which 
occurs in the u per strata by reason of the warmed 
ascending air. 1 s  is well known, it has been shown by 
several, and especially by von Helmholtz (30) ,  that t,he 
internal friction of the a r  is an ent.ire1-y negligible quan- 
tity when we consider smooth surfaces of separation 
(ghtke Trennun flache), hut. that this becomes appre- 
ciable when two Y ayers flowing a t  different velocit.ies send 
st.reamlets (Striimchen) into each other. The latter 
process occurs particularly during t,he noonda hours in 
t.he upper strata of air, and in come uence t K ereof the 

I do not deny that this esplanation ma in general 
ee with t.hat given by Koeppen (31) and $rung (32), 

xhough these t.wo investigators also at,trihuted the delay 
to the sZozoemnoz<nq lower air masses that are ascending. 
But after all in this case also “friction” will also come 
out as a hindrance. 

Another question is how hiah in the free atmosphere 
this influence will make itself h t .  On the Eiffel tower 
it is decidedly present, and this is easily esplainecl hp 
the int.rusion of air rucending from the nearby surface of 
t,he eart,h. On t,he mount,ains the lower air ascends to 
the to 
parahi with the Saintis and Sonnblick interchange of 
air in the free at.mosphere with the lower strata still 
exist.s, seems t.0 me very doubtful. As I believe, !he 
tliurnal march of wind velocity for the individual winc! 
directions at. t.hose altit,udes must he aim ly anti only 
determined by t.he march of the sun itself as was thc 
case with the wind direction. Therefore I hold fast to 
t.he conclusion that t.his is also the principal cause of the 
diurnal march of the wind on mountain summits, and 
that the midday friction explained above is only a modi- 
fying cause. 

d u r i q  the morning, mic k day, and evening, respectively. 

ve1ocit.y of the upper air decreases at. t. 1 at time. 

as R valley mind, but whether at, altitudc.. ’9 COlll- 

E. DIURNAL CURVE OF WIND IN THE LOWER STRATA OF AIR. 

In this case I do not separate t,he t.reatment, of the wind 
direct,ion from the wind velocity because they both seem 
to me to allow of a s y l e  eTplanation. 
As far as concerns t. e wmd direction, it. is in general 

true a t  all stations for which hourly observations are at 
hand, and where the land- and sea-breeze of the coat. 
or the mountain and valley winds in the interior do not. 
exercise a local control, the following t.heorem holds .gooil : 
“The wind chan es with t.he sun t.he same way as in the 
upper st,rata.” $his must, seem quite remarkable. Not 
less peculiar does it appear that the diurnal nirzrch of 
wind velocity for all drect.ions rises t,hroughout the day 
to a msliimum, but during the night time sinks to a 
minimum (33). 

Now it seems t.o me that the ex lanation of these t,wo 

the lowest strat,a of air regulate their behavior by t.he 
influence of the upper strata. If we first disregard all 
temperature influences then, during the nightt.iine, t.he 
lower strata of air are held hy friction with the surface 
OF the earth and thus possess a much smaller ve1ocit.y 
than the air masses flowing smoothly above t,heni. Dur- 
ing the day the lower strata are warmed, they both ex- 

phenomena is to be sought in the F act t,hat in both cases 

pand and also send their streamlets (Stdmchen) into 
the upper st.rata; and in consequence of the resulting 
frict,ion between the upper and lower strata they am 
drag ed along hv t,he upper layer and set int.0 a more 

duced a diminut.ion, hut. in t.he ower strata an increase 
in velocity; and thus is explained the maximum of wind 
velocit,v in the lower st.rata at the time when the upper 
strata have their minimum. This also explains the no* 
turnal mininium of the lower st.rata, because then the 
friction is ahsent. and they are left t.0 t.hemse1ves. 

Precisely as with the velocity of the wind, so also the 
wind direction is determined durin the day by the upper 
strata and for the same reason. %bus we may explain 
the fact that the wind direction in the lower strata also 
“changes with the sun.” Here also we must recognize 
the fact that Koppen and Sprung (34) have also referred 
this phenomenon to the influence of the upper strata, but 
they suppose the more rapidly movin air sinking from 
the upper stratum to be it.s cause. Tiere are, however, 
two points to be considered here: First, the march of wind 
i1irectio:i does not agree with that demanded by their 
theory (35); and second, as to the wind velocity, the 
following modification has been made : since the observG 
tions 011. the Eiffel tower have been available it is scarcely 
to be assumed t.hat the “lower” strata-the ones w o  are 
here coricerned with--- estend up as much as 100 meters 
above the ground. This lowest stratum will, to be sure, 
not only send air upward durin the warming of the 
morning hours, there nmst also f e  air descending from 
above; but as the warming progresses the sinking air 
will not rench the lowest stratum since, in conse uence 
of ita cspaiision, the warmer air below while trans 9 erring 
a portion to the upper stratum will require a decreasing 
quantity to replace the loss because it itself roc uires more 

to this process, but all leads to the same result, that wo 
car1 110 bilger uppeal to tlcscencliu~ air entering the 
lowest strata precisely a t  the tinie of t e lower maximum 
in that stratum. This is the reason why I adhere to the 
explanation I gave above for this phenomenon of the 
diurnal march of the wind in the lower stratum of air. 

Q rapii P mot.ion. Bence in the up er strata bhere is pro- 

ace belorn as i t  espnnds under the gener:t f s read of 
warn~ng up. Much more might, he said wi% regard 

SUMMARY. 

It would seem unnecessary to attem t ariy more pro- 
found words relative to the main point o P my problem, viz, 
to bring out the mechanico-physical connection between 
thc phcnomena of the daily periodic march of tempera- 

Everything 

march of temperature which itself again depends on the 
radiation from the sun. And thus we of course again 
are driven to the central cause of all physical processes 
in our planetary system. 

ressiire, and wind in the atmosphere. 
that ture, % as hitherto been said shows i b  dependence on the 
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Maurer asaumed that the coefficient of radiation of the atmoaphere, 
a, referred to the unit of volume and waa therefore inde ndent of the 
density, p. Consequently he expressed the Werentd?equtbn by 

the integral of which is 
a 

T= To+Cbs,whereb=e-pe 
From the observations on the Sonnb%k, Trabert computed the value 

of b and found it as large as for the statmns on the lowland. If b were 
independent of p, then it must have been much smaller. Other high 
atations also show that b is independent 0f.p. Hence Trabert concluded 
very pro erly that the coefficient of rahation referred not to the unit 
volume, %ut to the unit of mass, and waa therefore independent of p. 
Therefore the differential equation should read 

e 3  T = (T- Ta)a&, 
and the integral should be 

where b has the value e- which ia, of coum, slightly different from 
ita value in the previous equations. 

But it is now remarkable that b varies with the timepf year, and 
therefore we arrive at  the hypothesis that it varise mth  the tem- 
perature. This dependence upon temperature muat, however, be 
recognizable by the comparison of tropical atations with those in 
h’ her latitudee. Trabert inveeti ted 42 stations by groups, d ip  
t a u t e d  over all latitudes, and d i rno t  find any de endence of b on 
the temperature. He ex lained the annual change orb by the method 
of computing b. See Tmiext, “Die Wiirmeetrahlung d e  Atmoaphlire.” 
Met. Xtschr. 1892, 27:41. 

T = To+Cbs 

(5) Lambert. Pymmetrie, p. 322. 
(6) Lambert. Pymmetrie. 
The final form which Lambert ’vea to the formula for the daylight 

portion of the diurnal curve is as %llowa: 

where o ia the hour angle counted from noon (local mean time), e is the 
altitude of the equator, p is the altitude of the pole or the latitude of 
the place, B is the declination of the sun, and 9 the true anomltl of 
the sun. According to thu formula he computed a table of the varutn 

for the successive lengths of the day between 6 and 18 
Of cos p cos 8 
hours. In order to obtain the ordinate y, the values of that table 
must be multi Lied by + cospcoa 8.. This value of y ia therefore nothing 
else than the Jevation of the ordinate above that a b s c k  which pnaees 
thro h the minimum value. The accuracy of the value thus ob- 
t a i n 3  leaves much tohe desired. 

(7) Lamont. Darstellung der Temperaturverhiiltnieae auf der Erd- 
oberflkhe, p. 10. 

The Lamont formula reads: 

2y 

t = Z+pz+qcos(z+e); 
this is a iuely empirical formula. since he made no attempt to express 
physicalry the important terms in the radiation. 

(8)  Weilenmann as above quoted, puts the rate of warming equal to 
ape and the rate of cooline equal to kpe, and thus made all quantities 
proportional to the radiaaon. Thus the warming of the ground was 

bpccosE; 
where E ia the zenith distance; the cooling of the ground by convection 
W88 

rlpecosE; 
the cooling of the ground by heat radiated to the air was 

h( t‘ - t ) ;  

and the cooling of the ground by radiation of heat to the upper strata 
of air waa 

in all which formulas t =the temperature of the air, t‘= the tem- 
perature of the ground, u = the temperature of the upper air strata, 
and z = the time. His differential equations read 

h(t’-U); 

5% = (a-k)pa+h(t’-f) 
az 

= (b-rl)p%oe-h(iY-t)-h(t‘--u). a s  

By the combination of these two equationa Weilenmann found 

a = a+ anda  = b-1. 

The integral of this equation is not to be taken amoothl . By variOU~ 
manipulations Weilenmann brings it into the following Lrrn 

t = u + [ ~ , + c o ( z + b ~ + ~ ) l b ~ + ( € ~ + € ~ n Z + € ~ c o s Z > p h ~  

where 2 is the semidiurnal arc, and the constanta u, c,, q, b, are to be 
determined by the nocturnal observations, and the constanta E,, C‘ 
Q, and p are to be determined by the da li ht observations. One can 
not say that the equations are easily h a d l e i  and their deduction dose 
not imply their correctness. 

(9) Angot. Sur la variation de la temperature B h i s .  Annales, 
Bureau central m6thrologique de France. Year 1888, I.-Memoiren, 
page B135. 

Angot is certainly the only one who haa systematically separated 
the daylight and nocturnal branches in the computation. 

(10) Wdd. Die Temperaturverhiiltnbe des r w c h e n  Reichw. 
p. 4-6. 

11. Atmosphrric presswe. 

(11) We certainly owe this knowledge first of all to the industrious 
observers who have been and still are active for a long series of years 
over the whole earth. We are also greatly indebted to many meteorolo- 
gists who hava worked over and publiahed these observations. But our 
chief gratitude goes out to those who have collected the scattered obser- 
vations and have discussed them from a single point of view; among 
these we must mention above all others Rykatchev, Hann, and Angot. 

Rykatchev. La marche diurne du baromstre en Ruaaie. Reperto- 
rium fur Meteorologie, t. 6, No. 10. 

Ham. Untersuchungen Iiber die Wliche .Oscillation dee 
Barometers. Denkschriften der K. Ak. d. Wirs., Wien, 1889, math.- 
naturw. Cl., Bd. 66. p. 49. 

Weitere Untersuchungen tiber die tiigliche Oscillation dee Bsro- 
meters. 1892, Bd. 69, 

Angot. $tudesurya g k h e  d i m e  du baromstre. Annalea, Bur. 
central m6t. de France, Year 1887, I-M6moires, p. B237. 

Pernter. Ueber den t*Lichen und jiihrlichen Ga dea Luft- 
druckes aut Berggipfeln und in Ciebirgsthalern. Sitzung%., B. Ak. d. 
Wiea., math.-naturw. Claase, 11. Abth., Wien, 1881, 84. 

(12) Dove, in Poggendorffs Annalen, 1831,. 32: 219; 1842,68: 177; 
and Sitzb., preuss. Akd., Berlin, 1860, p. 644. 

113) Ramond. M6moirea Bur la formule barom6trique dela mbcanique 
c6 este et les dispositions de l’atmosphere qui en modifient les pro- 

ribt6s. Clermont-Ferrand, 1811, pp. 89-92. (Troisihme memoire 
pu B la Claaae des sciences physiques et  mathbmatiques de 1’Institut 
les 5, 12 et 26 dbcembre, 180s. Imprim6 dans lea memoires de la 
Classe, ann6e 1808, 2’ semestre, p. 73.) 

The paragraph in question, translated from the French, re& sa 
follows: 

Considered from this poiut of view, the phennmenm seems to me to 1 e susceptilde of a 
very satislsctory explanation. While the sun is in our meridian It warms that part of 
the ~ ’ 1 0 1  e comprised I etaeen the places of I t s  apparent rising and setting. Let us su 
pose that this warnline Iecornes sensiide from the 9 a. m. circle to the 3 p. m. circle. T g  
air expands; the surface of thls portion of.the atmosphere rises allove the level of the 
neighlnormg layers and decharges sqme of 1tS excess upon them. The barometer falls 
but at the same time it necessarily rises m the regions com rued between the circles oi 
3 p. m. and 9 p rn.. and I etreen the circles Of 3 a. m. 3nd #a. m for within than two 
regions the air is cpndensed Ioy the ccld of the mcrmine and of t& evening; the surface 
of the atmos here IS depressed snd,thu depresslnn 12 h l h  little hy little In the overRow 
from the hi&r layers of the twonei~hl~ornipreeion~. Thus the movemen$w.pro-ted 
step Iny step and communicates itself to that psrt of the atmosphere that IS emliraced 
Iletween the two noctur!irl circles. The Ibqorfleter falls, therefore, from II p. m. to ?a. m. 
Iecause the nir hm lost its density Ivy the dimmutlon of the cnld which took place m the 
middle of the night and has lost Its height Iny reason of th? tribute that the hlgaer layem 
have paid to the two limiting reglous. 

(14) Espy in Report of the British Association, 1840 (Glaegow), 
Noticea and abstracts, page 55. 

He eays: 
“When the sun rises the air begins to expand by heat: thisexpansion 

of the air. .especially of that near the surface. of the.earth, lifts the 
strata of air ahove, which will produce a reaction cawing the barome- 
ter to rise; aud the eatest rise of the Imrometer will take lace when 
the increase of thcfea t  in the lower parts of the atmospfere ia the 
mmt rapid, probably about 9 or 10 a. m.” 

With reference to the nocturnal maximum, Espy aaye: 
“As the barometer now stands above the meam (at 9 or lop. m.), it 

must necewril descend to the mean at  the moment when it IS neither 
increasing nor &creasing in temperature, which will be a little before 
sunrise. ” 

For the high stations we must also add: 
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(15) Kreil. Ueber die t’ lichen Schwmkungen dee Luftdruckee. 

Kreil states that he will try “to explain the diurnal variation of 
barometer by the changes of temperature without utilizing any other 
cosmical force. ’I 

“Of course we must consider not merely the different temperatures, 
but also all other direct and indirect consequences of the increasing 
and diminishing temperatures, such as the greater or lese tension of the 
inclosed and cornpressed air mmes: the Elasticity of air in consequence 
of which when pressed on one side it does not immediately set up a 
progressive motion, but is at first compressed on the side of the pressure; 
its rmrt in,  accordi to which when once air is set in motion it continues 
in motion even %en the cause of the motion no longer exists: the 
heat which the ound absorbs and radiates outward,: and above all the 
wending and gscending motion of the air masses. 
On page 131 he summaxizes all this as follows: 

At sunrise the lowest 8tratum of air, by reason of the cooling of the earth’s sum, 
Ends itself in a condensed and by the stn; ing of the upper strata of air also in a mm- 
pressed condition. The tension ?f this lowest air is further increased bx the gradual 
warmingof the round p d  the alr,hence.the pressure on the barometer m m  still 
further and in kct untl1,the F e n d =  air current produced by the sunshine attoins 
such strength that the dmmution of pressure produced by it overcomes the increase 
oftensionp+uced by the increaslngtem erature. Thkistheinstantofthemaximum 
and irom thls E i n t  onward the atmosp&ric pressure diminishes and more rapidly d 
proportion a~ t 

This is .Jbeil’s ex lanation of the morning maximum and the after- 
noon muumum. TEe evening maximum is attributed to the descend- 
ing current of air. His explanation of the nocturnal minimum is quite 
peculiar, and is a~ followa: 

But the atmosphere in this condition is again not in equilibrium; for,by reason of the 
cessation of the motion irom above downward the lowest compressed air strata acqulre 
an ax- of force that must manifest itdf by ;resing u bard against the air that mta 
u n it Thus a r k  again an upward motion that alttough very much di hter than 
tgt of ’the previop morning, muet bring a*t a diminution of atmospherfc pregsure 
and lead to the mmimnm that occurs after nudnight. 

Sitzb. d. K. Ak. d. Wk., # len, 4s: 121. 

wending current k stronger. 

(16) Lamont in Sitsungab. der bayeriechen Akad. d. Wias., 1862, 

(17 Blanford in Roc., Amatic Society of B y l ,  1876, No. VIII, 9. 
176; L c . ,  Royal Society, London, 44:411. n this latter memou 
he aays: 

But in 1876 * ocmrred to me that LamontC assumption that the atmosphere 
k !kea to expand vertically lifting the superincumbent mass is subject to an important 
modiEcetion which may g h l y  alter the conditions of t h i  problem 08 contemplated 
by him. 

Them conditione take no account of the mistance to =pansion that must be opposed 
by the highl attenuated but extremel cold external atmospheric strata of reat but 
anknown thkness ,  the exktence of w h h  is proved by the phenomena of fuminous 
meteors. 

1: 95, ffg. 

(18) Angot. &tude sur la marche diurne du barornetre, [see (11)], 
p. 342: 

Starting with sunrise, the lower lacera 01 air warm up rapid1 and tend to rise but 
this movement wlll only be producedlater when the warming &I1 havebeen su&ient 
to be communicated to the upper r ions of the atmos here. in the flrst hours after 
sunrise the lower layers remnm in p%e warm up an?ea&d, whence an increase 
in their elastic force and the more rapid rL of the barometer. 

(19) Rykatchev. La marche diurne du  barom&tre en Russie 
[see (ll)]. 

He analyzes the winds into their N-S and E-W components and 
eventually attains the following results: 

Duri the da time viz from 8 or 9 a. m. up to 5 or 7 p. m. the air m o m  from west 
to east%rrlng t i e  n i g h &  the motion is Irom emt to west; the air moves withgreater 
velocity by day than by night. 

To-day we know how erroneous all this ia, and we have ex lained 
this in cha ter I11 on the diurnal curve of the wind. Ryfatchev 
fo!inds his tteory on this assumption. . He says: 

Thua above each unit of surface of the ground the masa of air will Increase up to the 

t 
mean result by E d # ;  consequently the total pressure of the atmosphere on the uni 

f surlace wlll augment to an extent proportional to Au; hence the variat Ions in pressure 
produced by the lower air currents are proportional to the variations of the velocity 

ompouent in the east-west currents. 

Having come to a mmilar conclusion with regard to the upper cur- 
rents, he arrives at the following more complicated theory: 

The mming mazimum.--From 6 a, m. u p  to 2 m the lower current contributes to 
lhr rarefaction 01 the air and to t h e  dunhution oPd&we: durinn this same time in the 
upper layer the warm GG&t from the e% Ib&-m& iFoGeF:dTt&-eF the 
warmed-up air accumulates more and more above the lower comFarativei cod dr. at  
the commencement the increase of pressure produced b d e  current of tze upper &r 
is greater than the diminution caused by thi current of &e lower air. and the sum total 
of -these ressures increases u p  to 10 Cm.,  when the barometer attains it+ maximum. 
From thfs moment the pressure of the upper layer st+ily continues to increase. but 
slowly- the mfluence of the lower layer becomes prfdommant and the barometer com- 
mencd to fail. 

The afternoon mMmum.-On the approach 01 the hour o!maximum temperature, the 
warm current 9 m  thr east In the upper layer begms to diminish to surh a degree that 
a greater quantity of air Ems along this la er toward the west than toward the 
east. The pressure dependingon the current optheup er layer diminishes. the current 
&om the west iu the lower layer contributes to the d o l  the barometer to 2 p. m.; 

t!wn it  acts in a twntrary direction. IAI vltrr nunining its maximiim velocity thecurrent 
varies but llttle in velocity and its influence k feeble the barometer contlnnes to fall 
until .I rn. m. After this the inUux ofair by the lower drrent reactsunon thediminution 
01 the air producpd hy t h e y  er current.- 

Thc affrrnom mozitnvm.-&e mrrenl from tPe west in the lower air becomes more 
and more feeble; won it is replaced by the current from the east and then the veloclty 
increases untU nightfall; consequently during all this time the current of the lower 
stratum increases the muFe.  In.theupper layer at the moment 0.1 mvimum temper- 
ature the air’s Inertia ieeeeys it movmg from the east, this current dimmhes in relodty 
and its directlon chan This movement of the alrfrom the east commencing feebly 
increases in velority. &% the pressure of the upier layer diminishes. but nntil lop. m’ 
the i f l ienre  of the ’current of the lower layer is predominant and the barometer rises’; 
after this time it is the current of the upper IaIer which exerts the greater influence on 
the trend of the barometer; the total presslire of the atmospbere commences to diminish. 

The nocturnal mmi,mum.--kas$ng aIternoon maximum. the resure of the upper 
layer rontmuw to diminish until 4 a. m.: the current of the 6wer la er during the 
niFht exerts almost no influence 09 the trend of the barometer; during alrthe time from 
midnight to 6 a. m. its velocity 1s almost roilstant; the barometer Idls until 4 a. m.; 
altenvard In the upper layer the current from the east LS delaved by the oppxing current 
which replace it and becomes stronger and stronger: then the barometer ought to rbe. 

(20) Liais. Th6orie mathemntique des oscillations du barom8tre. 
Paris, Bachelier. 1551. 

Whnever, misled by the title uf the pamphlet, expectsa mathematical 
treatment of the causes that are enumerated will be diatppointed. 
(21) Peltier. Recherches sur la ,cause des vctrltions bardm6triquea 

AcadGmie Royltle de Bruxelles. Extrait du tome XVIII des ni6moires 
cour. et mim. des mvants 4trangers. 

Peltier described the fundamental principle of his ex lanation on 
page 66, sayin : “One of the more immediate effects of ties, electric 
attractions an8  repulsions is to form an atmos here either heavier or 
lighter, and consequently they are the cauee of &e numerous variatione 
that the atmospheric pressure experiences.” 
(22) Hann. Untersuchungen uber die t i l i che  Oscillation des Barom- 

eters. See (11) page 52, where he aays: 
“(This investigatinn) will have for its main object nothing more 

than a strict scientific description of the atmospheric tides. and thus 
form the foundabon for a subsequent mathematico-physical theory of 
them.” 
(23) Lamont in Sitzungsb. d. bayeriachen Akad. d. Wise., 1562, Bd. 

1, page 113, dites:  
Wherew in the previous table re resenting the Erst term of Bessel’s sine series there 

resulted an excessive inauence hf 8, Localilr. we find here in the term for thc‘3-fold 
hour-angle. a remarkable agreement as to epobis, and a regular diminution in the mami- 
tude 01 the motion from the Equator to the poles whence there can he no doubt thst 
here we have to do with a general phenomenon wbditioued only in a very sllght degree 
up011 the locality. 

And on page 118: 
These tables give. as I believe. the complete demonstration rn the correctness of my 

proposed explanation for the diurnal motion of the barometer. inasmuch as on the one 
hand they YPOW that the first term incrrases and diminishes in exact harmony with the 
monthly curve of the temperature 01 the air and therelore appears as the effect of the 
temperature. while the m n d  term-whether we consider northern or southern, high- 
or Imer stations-always has the ?me Iorm and both because of its double period in 21 
hours 8- well as on account of its mdepcndence of the season of the year, can not be 
wcribed to any direct or indirert inflnenre of temperature. 

And again on page 132: 
I consider these Iacts together with the facts above mentioned. as a distinct demon- 

stration that the ebb snd Row of the atmosphere must he ascribed to some COBmlcBL 
force. 

These last tho hts he develo s still further in the Bulletin de 
Bruxelles, clasee?es sciencee de%AcadEmie royale 1859, t. 26. On 
page 137 he says: 

Now what is the force that produces this regular motion of the atmosphere? As i t  
is evident from the first that the effect is due to a direct or an indirect action of the sun 
the first force to which we would naturally attribute it is gravitation which reduces 
similar movement in the laver of water that covers the earth. * * * h t  as the 
movement due to lunar attwition is only A, of a Paris line near the Eauator. it is imoo, 
slhle that the much weaker action of the>-m could produce a movement df more &&I 
4 a Paris line. * * * One is Enally led to the conrlusion,that the heat of the sun 
toeether with all that deuends u w n  it. cnn not exolain the oscillations of the bmrurneter 
an3 that it Is nemssary io attriljute these to a for& similsr 6 that of mavitation which 
ilke it, roduces in a Euld layer covering the surface of the globe the same effect 0: 
points d!ametrirSlly opposite. Among those forces whose rxistonce hm been recomiled 
or assumed, there is only a single one that meets this condltion: and this Is the force of 
elwtricitv which is undoubtedly manifested in cometary phenomena. In Iart, let us 
assume hat the sun possesses a grest uantit of postive elstncity. and that thv 
electririt acts upon lsolsted fluid s&ere. %he two electricitws will be separated 
within tze sohere hv mduction and the hemisuhere that is turned toward the s u n  wlll 
be-at%ctd‘wbikihe op osite l i e m i s p h e r ~ ~ i l l ~ ~ e ~ r ~ p e U ~ ~ , ~  s o - ~ a t  the w h & k d d  
sphere will assume an ovafrorm. Thus the action uf the sun’s electricity will produce 
In our atmosphere an eflert simllar to that which.gravltation produces in the w a r n  
of the wan. and the same forre that produces the diurnal motion of the magnetic needle 
will serve td esplaiu the diurnal 0scin;ltions of the barometer. 

(24) See the memoirs quoted under (2). 
Hann has devoted a great number of additional studies, either wholly 

or in part, to the investigation of the periodic diurnal variations of 
preasure. This is not the place to enumerate all these; but I would 
refer to the biief memoir: 
Hann. Bemerkqen  eur taglichen Oscillation des Barometere. 

Sitzungeb. K. Ak. d. Wk., math.-naturw. Cl., Wien, l886,98 IX: Q8l. 
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In thie memoir Hanu thmwe (Jut a new thought toward the exphna- 
tion of the conetant eemidiurnal wave of atmospheric piemure. He 
seka whether pneeibly the abeorption of the radiant heat from the Bun 
by the upper atrata of the air can be the eource of this wave and of ita 
conetancv. 

It ls ass; to perceive that by the periodlc d i m 1  influenre of the solar rays on the 
upper layers of the atmosphere occurring similarly day after day, periodic motions of 
great re larity must arise in the up er strata of the atmThere,  vis, an osclllatlon 
of the wrole mass of the atmosphere. %h- motions can ex 8131 the typical rharacter 
of the diurnal oscillations of the barometer. whereas the loc$ differences reDresent the 
h i s  of the element that m o u e s  the result. 

We here Bee that H a m  had correctly appreciated the amplitude of 
the double wave of preaaure. 

In  t h i e  elegant little memoir it is interesting to perceive the demon- 
stration that the magnitude of the amplitude of this wave has nothing 
to do with eun-spots, whence H a m  correctly drawe the following 
conclusion : 

Thls diurnal oscillation of the pressure can not depend on the electricit of the sun 
as was thought by Lamont. for in that case i t  must certainly have a p e r d i n  common’ 
with the magnetic variatiom which evidently depend upon the sun-spot period. 

On page 311 he eaye: 
(25) T t .  Etude eur la marche diurne du baromhtre. [See (II).] 

An examination of the figures in Table 4 shows that the aemidiumal wave is a com- 
plex wave resulting from the interference 01 two distinct waves. One of these which 
we shall call the mondarq semidfurnal maw. presents one maximum and one mihimurn 
in the coursa 01 the year like the diurnal wave and, like it also. is Influenpj b local 
conditions. * * This secondary wave Is then certainly due like the diurna?wave 
to the diurnal variation of the tem erature of the lower layers 01 the atmosphere. Th; 
second wave whlch we shall call t f e  prinripal rcmidiurwl wave dlRercmt 
charactaristlfs its amplltude experiences a double variation in’ &a rourse~the  year 
it is a moximtim at the two equinoxes and a minimum at the solstices. * * On; 
cen indeed already foresee that the phase of this second wave for one and the same 
station is constant throughout the year. 

Amin on wee  338 Anmt save: 

respmts v 

The diurnaic&e of the b&me& can be considered LW the rennltant d the s u p w  
wition of two waves havin very different origins and characters. One 01 these wavm e independent 01 the s p e a f  geoqaphic conditions of each station: i t  depends only on 

the posltion of the sun In its orbit and on the latitude. 
After Angot has remarked that erhape it may be poanible that thia 

“eemidiurnal, principal wave” afeo hae a term containing the 4-fold 
angle (#+42), but in that caw ita amplitude certainly can not be even 
0.02 to 0.03 mm., he then proceeds to say: 

The second wave can be represented by a series such as 
ai ws(z+h)+a~ cos(2~+9r)+ap C O S ( ~ Z + ~ )  . . . 

This wave Iscaused a t  least in great part bv the diurnal variation of temperature in the 
lower layers of air h d  consequently aU :tshoefflrients de end not o d y  on the latitude 
and the season b;t e ually on the particular situatlon oreach station: the coefRcients 
c h a r y  their values &I every change of condition and erery local iduence that c n  
modi the diurnal variations of temperature; we me thercIore justified in calling this 
s?coudg wavo by the name “thermal wave.” 

(26) Margules. Ueber die Schwingungen periodiach erwiirmter 
Luft. Situngab., IC. Akad. d. Wiee., math.-naturw. Kl., Wien, 1890, 

fianslated in- 
Abbe, C. Mechanics of the earth’s atmosphere. Washington, 1891. 

(Smithaonian miac. coll. No. 843.) pp. 296318. 
(27) Thomson, Sir W. On the thermodynnmic acceleration of the 

arth 8 rotation. Proc. Royal aoc., Edinburgh, 1882, 11: 400. See 
Margulea (26), page 207. 

99: 204-227. 

I1 I. wind. 
(28) Pernter. Die Windverhdtniaae auf dem Sonnblick und einigen 

anderen Gipfelstationen. Denkschr., Rais. Akad. d. Wies., Wien, 
68: 209, ffg. 

(29) Pernter. Idem, page 206 and 207. 
(30) Helmholtz. Ueber atmm hihiache Bewegungen. Sitzungeb., 

Kgl. preum. Akad. d. Wisa., Berin, 1888. Reproduced an Meteorolo- 
giache Zeitechrift, 1888, 28: 329. 
Translated in- 

Abbe. Mechanice of the earth’e atmosphere. Waehington, 1891. 
(Smithaonian miec. coll., No. 843.) pp. 75-93. 
(31) Ktippen, in hie remarks on Hann’e 

Die tiigliche Periode der Geschwinxgkeit und Richtung dee 
Windea.” Sitzungsb., d. &is. Ak. d. Wise., 2 Abth. Wen, 89: 11 
ffg: also in Meteorologiechen Zeitachrift, 14: 343; and more extenaively 
in Annalen d. Hydrographie, 11: 635. 

(32) Sprung. Lehrbuch der Meteorologie, page 341. 
(33) Almoet every trace of variation in the diurnal curve ie lacking 

(34) Sprung. Deuteche Meteorologieche Zeitechrift, 1: 15. 
(35) The many additional items added by Sprun by counting the 

rotation of the windvane, are baaed in eneral on ogbeerwtione made 
only three times a day and thie inaufkient obeervational material 
may certainly explain the reault attained by him. 

eat work: 

on the ocean. 

ON THUNDER.’ 
By WILHELM SCHHIDT. 

IDaM K.k. Zentralan$talt fUr Ibetemulogie u. Qeadynamik, Vienna, lolr.] 

1. From earliest times a thunderstorm, and particn- 
lady the thunder and lightning, has made tbe greatest 
impression on man. It is, therefore, all the more 
strange, that precisely these phenomena have remained 
so little studied, and that our knowledgo of the sound 
phenoniena has not been increased by more ex erimenta 
that are something more than malo 8s. A n 1  yet it is 

tions that may be made when it thunders, themselves 
point tho way to such experiments. Beside the extremely 
violent, usually deep-toned peals-though they some- 
t ima  have a clear ringing or a rushing sound-one may 
also hear the ringin or breaking as of window panes 

can even be perceived by the sense of touch, and some 
timcs by the trembling of the $ound. Thus phenomena 
whose intensity far exceeds t at producible by sound, 
demonstrate that other vibrations than the audible ones 
are also present. The very depth of the tone leads to 
the assumption that there are yet deeper toned pressure 
variations of such few vibrations that they are inaudible 
and the direct cause of the effects mentioned. We shall, 
therefore, endeavor to demonstrate these vibrations 
which are something quite novel in nature, as well as to 
complete the picture by recording the audible vibrations. 

not a t  all difficult to secure results in i f is field. Observa- 

accompanying some % eavy thunder crash; the vibrations 

, 

METHODS FOR RECORDING THE VIBRATIONS. 

2. Instrument I.-Two different instruments, I and 11, 
serve to acconiplish these two urposes. The instru- 

use a niechanicill registration since there was considerable 
energy available and the velocities to be recorded were 
not too great. In  its final form, I consisted of a wooden 
box of 210 liters capacity, having all its joints carefully 
sealed, and with a hexagonal a erture of more t.han 250 
sq. cm. in one of its sides. h i s  aperture was almost 
closed b a very light aluminum late suspended by 

freely in and out. Thus every atniospheric coinpression- 
wave falling upon the box must also compress and reduce 
the Folume of the air within the chamber and the 
aluminum plate, acting as a iston, swing inwards. The 
A simplo train of levers was sufficient to transmit these 
vibrations to a recording pen writin on the moving sheet 

running over a motor-driven cylinder upon which rests 
the recording oint of the pen ami. The band of record 

aper is stretc i ed b a free roller suspended in the lower 
Lop and set tat a s&ht angle with the driven cylinder 
thus causi a lateral shifting of the record strip and a 
spiral recor 3 . With a slight friction it was possible to 
secure recording s eeds of 5 to 8 miii. per second. The 

usual way. 
3. Standar&zation of instrument I.-It would be a 

mistake to assume that the displacement of the pen is 
proportional to the variations in pressure. The inertia 

nient, I, designed to record the P onger vibrations could 

means o ? two long threads, so that t E e plate could swing 

reverse process was caused t y a rarefaction of the air. 

that t.he best 2 evice is the endless strip of 
of a chronogra h. Experience wit seismogra 

record was fixed g y means of a shellac solution in the 

I Author’s abstract (Oerman) of the two Ipllowin papers: “Analyse des Donner~,’~ 
I<L‘e&ser has Wesen des Donners 
Tmrulolcd/rom Metsorolo(lische) Zeit.chrllt, BraunschweIg, 0% 1914, SI: 487-4DB.- 

Sitzun b. K. k. Aknd. d. \Visseq~~IIa, Wien, lBl! 131: 2045. 
ibid., IIa, 1914, iY8. 
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